costs are comparable to other newborn screening tests [8, 9] . A recent study by Carroll and Downs [9] estimated that the incremental cost-effectiveness ratio (ICER) of screening for CAH is USD 20,000 per quality adjusted life year (QALY) in 2004 USD, but this study used assumptions which tended to favor screening. Also, because no impact of CAH on quality of life was assumed, Carroll and Downs did not actually calculate QALYs, only life years (LYs) that were reported as QALYs. Insufficient information exists to assess improvements in quality of life from early detection of classical CAH or to quantify benefits of early detection of other forms of CAH in a cost effectiveness analysis (CEA) [7] .
Methods
We conducted a CEA to compare 2 strategies, universal CAH screening and clinical recognition without screening, among the U.S. newborn population. Our analysis was implemented from the health care system perspective, which includes all health care costs regardless of payers but does not include opportunity costs experienced by families. The outcome variable is the ICER, which is the ratio of net health care costs per LY saved. Our analyses assumed that each infant death avoided would save 32.0 LYs, applying the 3% discount rate to 77.8 years of life expectancy at birth in the 2004 U.S. life table [10] . All analyses were conducted using the decision analysis software TreeAge Pro Health Care Module 2007.
Our analyses assume that screening for CAH would be based on collection of one routine specimen from each child. Nine states have a policy of routinely requesting a second specimen from each child for testing. Testing of second specimens has been shown to detect additional cases of SV-CAH, but not SW-CAH [11] . Because only detection of cases of SW-CAH is projected to yield benefits in screening for CEA, a policy of testing of second specimens for CAH would double costs of screening with no added benefits, making screening appear less cost effective. Table 1 lists all parameters, including point estimates and ranges, for the CEA models. All costs were adjusted to year 2005 USD. Cost estimates were derived from a survey of 6 screening laboratories [8] and a detailed study conducted in Texas [12] . Specifically, the laboratory cost of screening one specimen was assumed to be in the range of USD 2.30-6.00 [8, 12] , with a midpoint estimate of USD 4.15. The Employment Cost Index of the U.S. Bureau of Labor Statistics was used to adjust cost estimates from different years to 2005 USD, because screening costs were assumed to mainly consist of labor costs. Each screen positive infant was assumed to be associated with follow-up medical cost ranging from USD 130 (personal communication, William Young, May 6, 2008 ) to USD 637 [12] , with a point estimate of USD 216 being a harmonic mean of the range.
The average cost of screening per child screened is the sum of the laboratory screening cost and the product of average followup costs and the probability that a specimen tests positive. During 2004-2006, an average of 0.5% of infants screened for CAH tested positive and required follow-up [13] . The sensitivity of screening for SW-CAH is assumed to be 100%, but based on data from the Texas program, which collects 2 specimens, the sensitivity of detection of SV-CAH from one specimen may only be 40% [11] .
The alternative to newborn screening is reliance on early clinical recognition of CAH. The sensitivity of this strategy is the probability of a case being detected clinically based on symptoms or family history prior to the reporting of screening results. Based on the literature [11, 12, 14] , the sensitivity of early clinical recognition for SW-CAH and SV-CAH is assumed to be 55% and 45%, respectively. We additionally assume that the specificity of clinical recognition is unity, i.e., no false positives.
The risk of death in SW-CAH in the absence of screening is not well-established. A previous CEA that relied on an expert opinion assumed that death would occur in 10% of all cases of classical CAH, or 13% of SW cases [9] . A recent review [15] cited a Hungarian study [16] as reporting an 11.3% mortality rate in SW-CAH, but that was based on historical data without reliable treatment; the mortality rate was 4.5% for the most recent period, 1983-1998 [16] . A systematic evidence review of mortality in unscreened CAH was conducted for the purpose of informing the present CEA [7] . Among population-based surveillance studies that compared deaths due to recognized CAH in screened and unscreened cohorts in high-income countries with similar prevalence rates of SW-CAH [17] [18] [19] , the highest reported mortality rate was in a Swedish cohort with 2.2%. This is likely to be an underestimate because of deaths among infants with undiagnosed CAH. One study from Austria and the Czech Republic tested stored specimens for deaths attributed to sudden or unexplained causes and found 3 cases of CAH, equivalent to approximately 2% of infants born with SW-CAH in the 2 countries during the period of time covered by the study [20, 21] . The investigators did not report the number of deaths among children diagnosed with CAH and there could have been other deaths attributed to causes other than the true diagnosis of CAH. We took the sum of the two percentages, 4.2%, as a point estimate for the probabilistic and base-case analyses, with a range from 2 to 9%.
Similarly, the effectiveness of screening for CAH is not wellestablished, although it is known that screening does not prevent all deaths due to SW-CAH. A previous CEA cited an expert opinion for an assumption of 80% effectiveness in reducing mortality [9] . Published evidence suggests that effectiveness is likely to be higher. In a cohort of 88 infants with SW-CAH in Texas born over a 6-year period, one (1.1%) died prior to confirmation of an abnormal screening result [11] . However, no infant deaths were recorded among 56 Swedish and 13 Dutch infants with SW-CAH detected by newborn screening [14, 17] , which means that the total death rate in published follow-up studies of screened cohorts with SW-CAH is 0.6%. Relative to the assumed 4.2% death rate in the absence of screening, 1.1% mortality in a screened cohort would imply a 74% reduction in deaths and 0.6% would mean an 86% reduction. We assumed an effectiveness of 80%, ranging between 74% and 86%.
Two different approaches were used to take into account the inherent uncertainty in the values of various assumptions. First, we conducted a traditional CEA, with a base-case analysis using the point estimates in column 2 of table 1 and one-way sensitivity analyses to examine how the ICER is influenced by the range of each parameter. In addition, 'best-case' and 'worst-case' scenario analyses selected the most and least favorable values for each parameter, respectively. The most favorable values are exemplified by highest incidence, highest screening sensitivity and specificity, lowest screening cost, and highest reduction in mortality. These sets of assumptions for best/worst case scenarios are not considered to be likely. Second, we implemented a probabilistic CEA to capture the full range of available information using a triangular distribution for all parameters. The modal or most likely value for each parameter is the point estimate in the base-case analysis, using the ranges in column 3 to define the extremes of each distribution. Figure 1 presents our decision model. The terminal nodes include the incremental cost, compared to the strategy of no screening and LY as effectiveness. Under the strategy of CAH screening, every infant has the incremental cost of a first CAH screening cost (point estimate of USD 4.15). We added the cost of a second screening test to all positive screens. The combined costs of follow-up medical care and the confirmatory diagnosis test (point estimate of USD 216) were assigned only to screen-positive infants who had not already presented clinically with CAH. These costs were not assigned for CAH infants who were recognized clinically because it was assumed that these children would incur the costs of follow-up medical care and confirmatory diagnosis regardless of screening results.
Only short-term medical costs associated with CAH are modeled, and hence there was no discounting of costs. We assumed that other long-term treatment costs would be equivalent between screened and unscreened children. The Dutch cohort study cited above reported that the average length of hospitalization in males was reduced from 13 to 7 days with screening [17] . Assuming that the cost of an inpatient day for a neonate is constant, the reduced hospitalization cost would be USD 6,000 based on an estimate from Texas [12] adjusted by the hospital provider price index to year 2005 USD. This reduced hospitalization cost is applied to male SW cases only, assuming the proportion of males is 50% as in the Dutch study [17] .
For infants who would have died without screening but survived with screening, the difference in lifetime costs of care would be legitimate to include in the model. The problem is that we do not know the sign let alone the magnitude of the net cost. If the averted cost of a hospitalization associated with an infant death is lower than the long-term CAH treatment cost, the cost-effectiveness ratio would turn out to be less favorable for this screening. The relevant long-term treatment cost includes steroid therapy and, in the case of female infants, genital surgery. We followed the standard approach of not including long-term costs unrelated to CAH among infants who survive as a result of earlier detection [22] . Meltzer argued for the inclusion of 'future costs' [23] , while the U.S. Panel on Cost-Effectiveness in Health and Medicine did not recommend their inclusion [22] .
Results
The strategy of CAH screening is estimated to result in an incremental cost of approximately USD 9.3 million per infant death averted in 2005 USD compared to the alternative strategy of no screening. Dividing that figure by 32.0 discounted LY yields an ICER in the base-case analysis of USD 292,000 per LY saved in 2005 USD, as presented in the first row of table 2 . With a set of assumptions favoring CAH screening, the best-case analysis yielded an ICER of USD 30,900, less than one ninth of the base-case ICER. The worst-case analysis showed an ICER of USD 2,866,200. The ICER of the probabilistic CEA was USD 255,700. Probabilistic CEA 255,700 CEA = Cost eff ectiveness analysis; CAH = congenital adrenal hyperplasia; SW = salt wasting; ICER = incremental cost-effectiveness ratio. Out of the one-way sensitivity analyses presented in table 2 , the SW-CAH mortality rate had the largest influence on the ICER. The mortality assumptions of 2 and 9% lead to ICERs of USD 613,200 and USD 136,300, respectively. These ICERs are the smallest and the largest values in 6 one-way sensitivity analyses in table 2 . On the other hand, the changes in the reduction in SW mortality with screening (74-86%) had a relatively small effect on the ICER, ranging from USD 271,600 to USD 315,700.
Varying the incremental cost of laboratory screening in the range from USD 2.30 to USD 6.00 caused the ICER to vary from USD 186,400 to USD 397,600. A large variation in the follow-up cost for a positive test, from USD 130 to USD 637, was associated with variation in the ICER from USD 267,600 to USD 411,600. A similar range of the ICER (USD 242,000 to USD 354,500) was found for changes in the screen false positive rate (0.1-1.0%).
As expected, a higher CAH incidence (1 in 12,000) yielded an ICER of USD 194,300 that was more favorable to screening, compared to the lower incidence assumption (1 in 25,000) which was associated with an ICER of USD 411,300.
Discussion
Our analyses showed that the ICER of the CAH screening ranged from USD 255,700 to USD 292,000 per LY based on the base-case analysis and probabilistic CEA with plausible assumptions. This section discusses the policy implications of our estimated ICERs with various cost effectiveness benchmarks, reasons for discrepancies with findings of a previous CEA of CAH screening, and limitations of our study.
A standard approach in interpreting ICERs is to compare them to one or more benchmarks or thresholds. The most commonly mentioned benchmark among U.S. studies is USD 50,000 per LY or QALY, with USD 100,000 the second most widely cited value [24] . Such benchmarks are arbitrary and lack basis in both economic theory and practice [25] . As an alternative to a fixed benchmark, one can compare ICERs with estimated ICERs for other preventive services that are accepted as providing good value. According to a recent analysis, one fifth of all clinical preventive services recommended by the U.S. Preventive Services Task Force cost more than USD 165,000 per QALY in 2000 USD [26] . Finally, some economists have observed that U.S. regulatory policy decisions imply that society is willing to spend up to USD 300,000 per LY saved [25, 27, 28] .
The ICER of both our base-case analysis (USD 292,000) and probabilistic analysis (USD 255,700) exceeds most commonly used benchmarks or thresholds. Although CAH screening would not be regarded as a cost effective strategy based on those benchmarks, it could be cost effective according to a benchmark of USD 300,000 per LY ('value of a statistical life year') used in regulatory analyses in the U.S. [27, 28] . CAH screening would be less likely to be regarded as cost effective in countries with lower thresholds for ICERs.
The ICER in our best-case analysis (USD 30,900) suggests that CAH screening could be cost effective even with a benchmark of USD 50,000 per QALY/LY, but only under a favorable set of assumptions. A previous CEA reported an ICER of USD 20,000 per LY in 2004 USD [9] . That study assumed a mortality rate of 13% in SW-CAH (based on expert opinion), compared with 9% in our best-case scenario. Also, the authors assumed USD 10,000 (based on expert opinion) as the present value of the cost of caring for someone with CAH, and USD 27,809 as hospitalization cost before death deriving from the 'general' child population [9] . This implies net cost savings from averted deaths, but we are not convinced that averting an infant death due to CAH will necessarily lower lifetime medical costs associated with CAH.
Our study has a number of limitations. One is the limited availability and quality of data regarding the parameters of our decision model, due in part to the low prevalence of CAH. To deal with uncertainty in variables, we conducted probabilistic CEAs as well as one-way sensitivity analyses. An important research priority should be obtaining better data on the risk of mortality in CAH in both screened and unscreened cohorts. For the latter, this requires testing stored blood spot specimens with infant and child deaths for CAH. This should be done for deaths in infancy or early childhood, because deaths might be incorrectly attributed to infectious causes.
Another limitation is that our decision models only addressed mortality, excluding other outcomes such as misassignment of gender, short stature due to virilization, and anxiety because of test results. No research has measured most of these outcomes in terms of either monetary value or utility to generate QALY estimates [7] . One study that examined quality of life in late-diagnosed individuals with CAH found no indication of any loss of quality of life [29] . Incorporating additional outcomes could potentially make CAH screening appear more favorable in terms of value for money.
Conclusions
Using the most common benchmarks for cost effectiveness, our results indicate that CAH screening would be unlikely to be considered cost effective under assumptions based on available evidence. With optimistic assumptions favorable to screening, the cost-effectiveness ratio could meet the commonly used, albeit arbitrary figures of USD 50,000 or USD 100,000 per LY saved. CAH screening under fairly conservative assumptions could meet a criterion of USD 300,000 per LY saved that is consistent with values used in cost-benefit analyses of U.S. regulatory policies. However, under the least favorable set of assumptions, CAH screening would cost more than USD 2.8 million per LY saved and would not be considered cost effective under any criteria.
